Abstract: Health-related quality of life (HRQOL) is an important clinical outcome for dialysis patients. However, relative superiority in HRQOL between automated peritoneal dialysis (APD) and continuous ambulatory peritoneal dialysis (CAPD) are not clearly known. We compared HRQOL over time between APD and CAPD patients and evaluated factors associated with HRQOL.
INTRODUCTION
A lthough technical advances in dialysis treatment have improved survival, patients with end-stage renal disease (ESRD) still have markedly impaired health-related quality of life (HRQOL) compared with the general population 1 and a large proportion of dialysis patients experience depression. 2 In addition, impaired HRQOL and depression are associated with mortality in dialysis patients. 3, 4 Therefore, it is important to take HRQOL and psychological issues into consideration when treating patients with ESRD.
HRQOL encompasses the physical, psychological, and social domains of health and can be interpreted in diverse ways according to the subjective perception of each patient, and a variety of factors can influence HRQOL. 5 The variables associated with the HRQOL of dialysis patients include age, 6 ,7 sex, 6, 7 race, 8 comorbidities, 7 anemia, 9 nutrition, 6 social factors, 7 lower residual renal function, 10 prior transplant failure, 7, 11 physical exercise, 12 depression, [13] [14] [15] and dialysis modality. 1, [16] [17] [18] [19] [20] In general, HRQOL differs according to the type of renal replacement therapy. Many studies have investigated differences in HRQOL across renal replacement therapy modalities, but few have compared HRQOL between automated peritoneal dialysis (APD) and continuous ambulatory peritoneal dialysis (CAPD) patients. APD has been expected to ensure better HRQOL compared to CAPD because APD assists patients with peritoneal dialysis (PD) exchanges during the nighttime and is more convenient for patients with less or no exchange during the daytime. However, there is no consensus about whether HRQOL is better for 1 of these 2 PD modalities. 1, [17] [18] [19] More insight into HRQOL of patients undergoing APD or CAPD is required to provide advice to patients selecting PD modality as well as to offer appropriate treatment according to PD modality.
We performed a prospective nationwide multicenter study in incident patients starting APD or CAPD to compare HRQOL, depressive symptoms, and satisfaction with renal treatment over time and to evaluate the association between patient variables and HRQOL assessment outcomes.
MATERIALS AND METHODS

Study Design and Participants
The comparison of quality of life on APD and CAPD (EQILPS) study was a prospective multicenter study of incident patients starting APD or CAPD at 11 centers in Korea that compared HRQOL, depressive symptoms, and renal treatment satisfaction over time according to PD modality (NCT01209273).
Between October 2010 and February 2013, we enrolled consecutive incident patients with ESRD who were receiving either APD or CAPD, and who were aged 20 years and above. Exclusion criteria were abdominal surgery within the last 30 days, any major medical event in the previous 3 months, malignancy, psychiatric illness and pregnancy or lactation. The patient's preference was the crucial determinant for the initial PD modality. All patients provided written informed consent before inclusion, and the Institutional Review Board of Kyungpook National University Hospital approved the study protocol. All clinical investigations were conducted in accordance with the guidelines of the 2008 Declaration of Helsinki.
Data Collection, Follow-Up, and Outcome Determination
We obtained baseline sociodemographic information, as well as clinical and biochemical data, at the time the PD catheter was inserted. Follow-up visits were scheduled 1, 6, and 12 months after enrollment. During the follow-up period, residual renal function and dialysis adequacy (Kt/V) were evaluated, and laboratory values were reassessed. Questionnaires related to HRQOL, depressive symptoms, and patient satisfaction with treatment were filled out at the 1-and 12-month follow-up appointments. The clinical events, including peritonitis episodes, hospitalizations, deaths, and the development of cancer, were also reported.
The primary outcomes were the mean change in questionnaires scores and the relationship between HRQOL assessment outcomes and background variables. The KDQOL-SF TM version 1.3 is a self-reported measure combining the kidney disease-specific instrument and the SF-36 instrument. 21 We used the Korean version of the Kidney Disease Quality of Life Short Form 36 (KDQOL-36), which has been translated and validated. 22 This questionnaire consists of 80 items divided into 19 domains plus 1 separate item that compares current health status with health status 1 year ago. The final separate item is the overall health item. Each domain is rated on a scale from 0 to 100, with higher scores reflecting better HRQOL. The scores of the kidney disease-targeted items are aggregated into the kidney disease composite summary (KDCS) score. The scores of the SF-36 are also classified into a physical composite summary (PCS) score that includes items related to physical function, physical roles, pain, and general health, plus a mental composite summary (MCS) score that includes items related to emotional roles, emotional well-being, emotional energy, and social functioning. The total SF-36 score was calculated as the sum of the PCS and MCS. The Beck Depression Inventory (BDI)-II consists of 21 self-reported items; each item is scored from 0 to 3, with the total score ranging from 0 to 63. The scores are then categorized as follows: 0 to 13, no-to-mild; 14 to 19, mild-tomoderate; 20 to 28, moderate-to-severe; and 29 to 63, severedepressive symptoms. 23 The Korean version of the BDI-II which has been translated and validated was used. 24 The Renal Treatment Satisfaction Questionnaire (RTSQ) includes 11 items, and each item is scored from 0 to 6, with higher scores indicating better satisfaction with treatment. 25 We used the translated and validated Korean version of RTSQ. 22 The secondary outcome was the incidence of peritonitis episodes, hospitalizations, deaths, and the development of cancer.
Statistical Analysis
Sociodemographic, clinical, and biochemical data were compared using Pearson Chi-square test or Fisher exact test for categorical variables and using the Student t test for continuous variables. Continuous variables are expressed as mean AE stanstandard deviation. Statistical analysis was performed using the SAS system for Windows, version 9.2 (SAS Institute, Inc., Cary, NC) and R (R Foundation for Statistical Computing, Vienna, Austria; www.r-project.org). We performed a propensitymatched analysis wherein the model was reconstructed using age, sex, presence of diabetes, and the Davies comorbidity index. The propensity score matching was conducted using a 1:1 matching procedure, whereby each patient on APD was matched with the patient on CAPD who had the smallest difference in propensity scores. The SAS macro used for this analysis was a modified version of the %OneToManyMTCH. To determine the effects of PD modality (APD vs CAPD) and time, as well as the interaction between both, we used repeatedmeasures ANOVA. Specifically, we compared the mean scores on the questionnaires, as well as the mean 1-year changes in every domain of the questionnaires, between patients receiving APD and those receiving CAPD. Multivariate linear regression analysis was used to investigate the association between questionnaire scores and background variables. P values <0.05 were considered statistically significant.
RESULTS
Patients and Baseline Characteristics
A total of 260 incident patients starting APD or CAPD at 11 centers were enrolled in this study. From a total of 260 patients, 64 were excluded: 52 patients did not complete the questionnaires at 12 months, and 12 patients changed PD modality during the 1-year follow-up period (APD > CAPD: n ¼ 1, CAPD > APD: n ¼ 10, CAPD > APD > CAPD: n ¼ 1). For propensity score matching, 160 patients (APD: 80 patients, CAPD: 80 patients) were selected on the basis of PD modality from among the 196 patients who completed the study.
Among the entire study population (n ¼ 196), patients receiving APD (n ¼ 92) were significantly more often men, educated, and employed than patients receiving CAPD (n ¼ 104). The patient characteristics did not differ according to PD modality in the propensity score-matched population (n ¼ 160), except for employment status, which was not used as a matching variable ( Table 2 ). The mean scores of the PCS and the MCS at baseline for APD patients were 58.13 and 53.25 and those for CAPD patients were 52.05 and 46.51, respectively. Compared with CAPD patients, APD patients had significantly higher scores at baseline in the domains of symptoms (P ¼ 0.03), work status (P < 0.001), patient satisfaction (P ¼ 0.01), pain (P ¼ 0.03), and social function (P ¼ 0.04).
However, there were no significant differences between APD and CAPD patients in the KDCS scores or in the SF-36 scores 1 year later. The follow-up PCS scores in APD and CAPD patients were 62.72 and 60.58, and the MCS scores were 57.81 and 58.82, respectively ( Table 2 ). When the mean changes in HRQOL scores from 1 to 12 months were compared between APD and CAPD patients, CAPD patients showed significantly greater improvement in the SF-36 scores (a mean of 6.52 points greater improvement, P ¼ 0.04), especially in the MCS scores (a mean of 7.76 points greater improvement, P ¼ 0.03), in the symptoms domain (a mean of 6.05 points greater improvement, P ¼ 0.01), and in self-assessment regarding health status compared to 1 year ago (a mean of 11.88 points greater improvement, P ¼ 0.03, Figure 1 ).
Comparison of BDI Scores and the Mean Changes Over 1 Year Between APD and CAPD
The BDI scores at 1 month were significantly lower in APD patients compared with CAPD patients (APD vs CAPD: 15.35 AE 10.02 vs 19.03 AE 9.24, P ¼ 0.02). However, there was no difference in the BDI scores between the 2 groups 1 year later ( Table 3 ). The incidence of moderate-to-severe depressive symptoms tended to be higher in patients receiving CAPD than in those receiving APD at 1 month, although this difference was not significant (APD vs CAPD: 32.5% vs 47.5%; P ¼ 0.05); there was no difference at 12 months (Figure 2 ). CAPD patients showed significantly greater decreases in BDI scores than APD patients at 1 year (a mean of 3.75 points greater improvement, P ¼ 0.01, Figure 3 ).
Comparison of RTSQ Scores and the Mean
Changes Over 1 Year Between APD and CAPD APD patients showed significantly higher satisfaction than CAPD patients with renal treatment 1 month after staring treatment (APD vs CAPD: 52.95 AE 9.86 vs 49.74 AE 8.17, P ¼ 0.03). However, there was no difference in the total scores at 12 months between the 2 groups (Table 3) . Satisfaction with treatment duration was higher in CAPD patients than in APD patients at 12 months (P < 0.001), and CAPD patients showed significantly greater improvement in satisfaction with treatment (a mean of 3.86 points greater improvement, P ¼ 0.01, Figure 3) . The items for which CAPD patients showed significantly greater improvement than APD patients included satisfaction with the freedom afforded by treatment (a mean of 0.47 points greater improvement, P ¼ 0.03); discomfort or pain associated with treatment (a mean of 0.47 points greater improvement, P ¼ 0.04); how well treatment fit into their lifestyle (a mean of 0.64 points greater improvement, P ¼ 0.01); and recommending this treatment to others (a mean of 0.49 points greater improvement, P ¼ 0.02).
Analysis of Factors associated With HRQOL Scores
In multivariate linear regression analysis (Table 4) , the BDI score was the one factor that was inversely associated with KDCS, PCS, and MCS scores at 1 and 12 months after starting therapy (KDCS vs PCS vs MCS at 1 month: b ¼ À0.48 vs À0.31 vs À0.43, all P < 0.001; KDCS vs PCS vs MCS at 12 months: b ¼ À0.58 vs À0.52 vs À0.63, all P < 0.001). The RTSQ score was significantly associated with the KDCS score at 1 month (b ¼ 0.24, P < 0.001) and 12 months (b ¼ 0.18, P ¼ 0.03) but not with the PCS and MCS scores. Residual renal function showed a positive correlation with the KDCS score at 1 month (b ¼ 0.13, P ¼ 0.02) but not with the PCS and MCS scores. Although serum hemoglobin and albumin were not associated with MCS, both were significantly associated with PCS at 1 month (b ¼ À0.13, P ¼ 0.04 vs b ¼ 0.29, P < 0.001). PD modality was not associated with HRQOL even after adjusting for possible confounding variables such as age, sex, Davies comorbidity index, the presence of diabetes, educational level, employment status, serum hemoglobin, serum albumin, residual renal function, BDI, and RTSQ scores.
Clinical Outcomes
During the 12-month follow-up period, 6 (7.5%) of the APD patients and 8 (10.0%) of the CAPD patients experienced a peritonitis episode and hospitalization. There were no differences in the incidence of peritonitis episodes and hospitalization between APD and CAPD, and neither group had any deaths or cancer (Table 5) .
DISCUSSION
This prospective multicenter propensity-matched study investigated in detail the changes in HRQOL over time. It also investigated factors that might be associated with the HRQOL of patients starting APD and CAPD. Although the baseline HRQOL of APD patients was better than that of CAPD patients, no differences in HRQOL were observed 12 months later between the 2 groups. Multivariate linear regression analysis confirmed the crucial impact of depressive symptoms rather than the PD modality itself on HRQOL in PD patients. Accordingly, significantly greater improvements in depressive symptoms resulted in greater improvements in HRQOL in CAPD patients compared to APD patients.
Clinical outcomes can be important variables in selecting the PD modality as well as being crucial factors that can influence HRQOL. However, there is no consensus regarding which PD modality results in better clinical outcomes. Retrospective observational studies from the United States 26 and Mexico 27 show that APD is better than CAPD in terms of patient survival and technique survival. However, another retrospective observational study that included 194 APD patients FIGURE 3 . Mean changes in the Beck Depression Inventory (BDI) and Renal Treatment Satisfaction Questionnaire (RTSQ) scores 1 to 12 months after starting therapy in propensity score-matched peritoneal dialysis patients. CAPD patients showed significantly greater decreased BDI scores and greater improvement in patient satisfaction with treatment at 1 year later than APD patients (A). The items which showed significantly greater improvement in CAPD patients compared with APD included satisfaction with freedom afforded by treatment, discomfort or pain involved with treatment, how well treatment fits in with lifestyle, and recommendation this treatment to others (B). APD ¼ automated peritoneal dialysis, CAPD ¼ continuous ambulatory peritoneal dialysis. Ã P < 0.05 vs APD in the mean change of score. FIGURE 2. Incidence of depressive symptoms according to severity in propensity score-matched peritoneal dialysis patients. CAPD patients showed a higher incidence of at least a moderate degree of depressive symptoms at 1 month than APD patients but this difference was not observed at 12 months. APD ¼ automated peritoneal dialysis, CAPD ¼ continuous ambulatory peritoneal dialysis. P-value, APD vs CAPD in the incidence of moderate to severe depressive symptoms (BDI scores !20).
and 178 CAPD patients reported that APD did not have any advantage in terms of technique survival after adjusting for possible confounding factors including comorbidities during the approximately 2.2-year period. 19 Similar results regarding death and technique failure were obtained in a retrospective study of 66,381 incident PD patients over a 9-year period 28 as well as in two large cohorts, the NECOSAD 29 and USRDS cohorts. 30 In accordance with earlier findings, the present prospective study also showed no differences in deaths, peritonitis episodes, or hospitalization between the 2 PD modalities, even after propensity-matching analysis. A long-term follow-up study is needed to demonstrate patient survival results and to confirm previous results.
Assuming that the 2 PD modalities have similar clinical outcomes, HRQOL can be a crucial outcome parameter when advising patients about PD modality selection. Few studies have assessed the impact of PD modality on HRQOL, and neither modality is clearly better in terms of HRQOL. In our study, the overall HRQOL scores in both the APD and CAPD groups improved over time, with a greater degree of improvement in CAPD patients. APD patients had higher scores than CAPD patients for the KDCS domains ''symptoms'' and ''patient satisfaction with dialysis staff'' at 1 month, but these differences disappeared at 12 months. Contrary to our expectations, there were no differences between the 2 groups regarding sleep. On the PCS and MCS, APD patients reported less pain and better social relationships than CAPD patients at 1 month, but these differences were not observed at 12 months. One prospective randomized study of 34 patients that compared HRQOL between APD and CAPD 17 showed that APD patients had significantly more time for work, family, and social activities but also more marked sleep problems. A small-sized (25 patients), randomized trial showed that PD modality has a direct impact on HRQOL. Although our study was not randomized, we estimated that the propensity score matching balanced the baseline characteristics of APD and CAPD patients in order to overcome the nonrandomized study design. However, employment status was not used as a propensity-matching variable. APD patients tended to be more employed and relatively wealthier than CAPD patients because APD is more expensive than CAPD in Korea. Therefore, to include more eligible PD patients, even after propensity score matching, we could not adjust for employment status due to underlying socioeconomic differences between the 2 groups. In multivariate linear regression analysis of factors associated with HRQOL, no significant association was observed between employment status and MCS, and inconsistent associations were observed between employment status and PCS or KDCS, depending on the time point. These results might suggest a discontinuous and minimal impact of employment status on HRQOL in our study. Another prospective study that enrolled 18 incident PD patients Bold P values were used to indicate statistical significance (P value < 0.05). did not find any difference in HRQOL at a single time point in APD versus CAPD. 18 Compared with 2 previous prospective studies, our study included much higher number of patients and established changes in HRQOL over time.
A cross-sectional study that recruited 96 prevalent PD patients 1 demonstrated that APD patients had better mental health than CAPD patients. A retrospective study of 224 incident patients 19 revealed that CAPD patients had worse baseline HRQOL compared with APD patients, but HRQOL in APD and CAPD were similar after 1 year. The greater improvement on the PCS and MCS in CAPD patients versus APD patients correlated with their lower baseline score but not with the PD modality itself. The trend of HRQOL improving over time was similar to that in our study, but the factors associated with improved HRQOL in CAPD patients were different. In our study, depressive symptoms were inversely associated with HRQOL, and patient satisfaction with treatment was significantly associated with KDCS. This suggests that psychological well-being and high satisfaction with the PD modality may lead to increased treatment compliance and better disease management. These positive results may be directly connected to the increased HRQOL.
The notable finding in our study was that significantly greater improvement in depressive symptoms in CAPD patients, rather than the PD modality itself, resulted in a greater improvement in HRQOL in CAPD versus APD patients. Among several factors that have an effect on HRQOL, depressive symptoms can be overlooked just by measuring HRQOL. Indeed, depression is the most prevalent psychosocial problem among patients with ESRD, but it is under diagnosed and undertreated. One systematic review reported an independent association between depression and increased mortality risk in dialysis patients. 4 A study noted that depression is independently correlated with peritonitis rates, and the authors speculated that this might be due to stress related to dealing with aseptic technique. 31 Therefore, considering its impact on HRQOL and clinical outcomes, PD patients should be regularly evaluated for depression, just as clinical parameters such as Kt/ V, residual renal function, and laboratory findings are serially measured.
Generally, about 39.0% of dialysis patients have depressive symptoms, regardless of the assessment tool. 32 In our study population, 53.8% of APD patients and 71.3% of CAPD patients experienced various degrees of depressive symptoms at the time dialysis began and the overall scores of depressive symptoms had decreased in both the APD and CAPD groups after 1 year. Interestingly, our study showed that depressive symptoms were the only consistent and powerful factor that influenced HRQOL over time. This result is in accordance with the finding that a significantly greater improvement in HRQOL scores was particularly prominent in the MCS among the three HRQOL elements. The impact of depression on HRQOL has been confirmed in hemodialysis (HD) patients 13, 14 and in predialysis patients. 15 The overall tendencies of HRQOL and depressive symptoms to improve after dialysis initiation may be due to improvements in uremia or may reflect adjustments to dialysis, even considering the burden of kidney disease and treatment time. However, the remarkable fact we have to keep in mind is that despite the spontaneous improvement of depressive symptoms, as many as 67.5% of APD and 63.8% of CAPD patients still had depressive symptoms at the 1-year appointment. Little is known about the treatment of depression in PD patients. A pilot study was designed to evaluate and treat pharmacologically PD patients with clinical depression. 33 In this pilot study, 136 PD patients were screened, but only 27 patients agreed to further evaluation and just 11 patients of the 22 patients eligible for therapy completed an antidepressant medication. The BDI scores of patients receiving therapy decreased from a mean of 17.1 AE 6.9 to 8.6 AE 3.2. Even though there was no control group, a comparison of the BDI scores in that study with those in our study leads us to cautiously speculate that the efficacy of antidepressant medication might be greater than the degree of spontaneous improvement in depressive symptoms as dialysis continues. Additional definite evidence is needed through randomized control trials to verify the effects of antidepressant medication. In addition, it may be challenging to convince reluctant PD patients to be evaluated and to start treatment for depression. This study has some limitations. Firstly, we did not refer PD patients with depressive symptoms to psychiatric physicians and could not demonstrate the impact of antidepressant treatment on overall outcomes or on HRQOL. Secondly, we could not explain why depressive symptoms improved, especially in CAPD patients, without additional treatment. Thirdly, the relationship between depressive symptoms and HRQOL may be questioned, particularly at the 12-month data collection point, because life events or stressors that may bring about depressive symptoms have not been controlled for. However, it is expected that HRQOL should be related to depressive symptoms as the HRQOL also measures depressive symptoms. Fourthly, we did not check the cognitive depression index, which would have yielded more useful results. However, our study also has strengths in that it showed detailed changes over time for HRQOL, depressive symptoms, renal treatment satisfaction, and clinical outcomes since it included much larger number of patients compared to previous prospective studies that compared HRQOL in APD and CAPD patients.
In summary, when dialysis was begun, HRQOL was more impaired in patients receiving CAPD than in those receiving APD; however, patients undergoing CAPD showed a greater improvement in HRQOL over time. CAPD patients also showed greater decreases in depressive symptoms and greater patient satisfaction with treatment. Because depressive symptoms has a bigger effect on HRQOL than the PD modality itself and because the prevalence of depressive symptoms remains high despite a tendency to improve over time, evaluating and treating depression in PD patients is our most important task. It is no longer enough for dialysis patients just to survive. The attention and efforts of nephrologists and dialysis staff to improve depression and patient satisfaction with treatment are essential for PD patients who face poor HRQOL. Regular monitoring and appropriate treatment of depression could be crucial for improving impaired HRQOL in PD patients.
